CHEMISTRY LETTERS, pp. 1687-1690, 1987. © 1987 The Chemical Society of Japan

Isospongiadiol, a Cytotoxic and Antiviral Diterpene from a Caribbean
Deep Water Marine Sponge, Spongia sp.

*
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5600 0l1d Dixie Highway, Ft. Pierce, Florida 33450, U.S.A.

Spongiadiol, epispongiadiol, and isospongiadiol, a novel
furanoditerpene with cytotoxic and antiviral activity, were
isolated from a Caribbean deep water marine sponge, Spongia sp.
Isospongiadiol was identified by spectral and chemical me-
thods as a regioisomer of spongiadiol and epispongiadiol.

During one of our ship-based collecting efforts to identify biologically
active compounds from marine organisms, we discovered that an extract from a
deepwater Caribbean sponge, Spongia sp. Linnaeus, 1759,1)
against Herpes simplex virus, type 1 (HSV-1), and P388 murine leukemia cells.
Subsequent purification yielded three active compounds, spongiadiol (1),
epispongiadiol (2) and a structurally related compound, which we have designated
isospongiadiol (2a,19-dihydroxyspongia-13(16),14-dien-3-one) (3). Spongiadiol and
epispongiadiol, tetracyclic furanoditerpenes with the spongian ring system, have
been identified previously from Spongia species collected in Australian waters.z)

exhibited activity

In this note, we describe the isolation and identification of isospongiadiol (3),
and the antiviral and cytotoxic activities of all three compounds.

The sponge was collected adjacent to Chub Cay, Bahamas, in December, 1984, at
a depth of 203 m using the Harbor Branch Oceanographic Institution's submersible,
the Johnson Sea-Link II. Extraction of the fresh frozen sponge (94 g) with EtOAc
provided a crude residue (0.97 g). Repeated multilayer planetary coil CCC 3-1) of
a portion (0.55 g) of the crude residue yielded spongiadiol (1, 39 mg, 0.13% of
frozen weight), epispongiadiol (2, 263 mg, 0.87%), and isospongiadiol (3, 61 mg,
0.2%) . Isospongiadiol (3) was further purified by recrystallization from
MeOH/H,0: mp 181-183 °C, [a150 -50° (¢ 3.0, CH,C1,).

The molecular formula of 3 was established as C2OH280M by high resolution
EIMS (M* 332.1980, A2.5 mmu), and is identical to the molecular formula for 1 and
2.5) Similar to 1, 3 exhibited IR bands at 3400 cm™' and 1700 cm™' for hydroxyl
and carbonyl functionalities, respectively. The 1H NMR spectrum of 3 (C6D6-CDC13
“(ca. 2:1), 360 MHz) revealed resonances common to 1, 2, and 3: the a-protons of
the furan moiety at §6.89 (broad s) and 6.87 (broad s,), three methyl singlets at
§0.86, 0.99, and 1.11, and an AB pattern at § 3.16 and 3.70 (J=11.0 Hz). In
contrast to the 1H NMR singlets observed for the pgand g protons at C-3 in 1 and
2, respectively, a double doublet was observed in the spectrum of 3 at § 4.40 (dd,
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J=6.5,12.6 Hz) suggesting an alternative oxidation pattern in the A ring. The
relationships between this proton and vicinal protons were more clearly defined in
the 'H NMR spectrum of isospongiadiol diacetate (ﬂ)(CDC13).6) From proton
decoupling experiments, the acetoxy methine proton in 4 observed at 5.60 was
shown to be coupled to two protons at § 2.43 and 1.44 by 6.0 and 13.3 Hz,
respectively. The protons at § 2.43 and 1.44 exhibited a geminal coupling constant
of 13.9 Hz. To determine whether the hydroxyl and carbonyl functionalities in 3
were located at C-2 and C-3, or C-2 and C-1, respectively, 2D NMR experiments were
employed.

A C-H correlation experiment (J=140 Hz
between the protons and carbons in 3 (Table 1). A COSY experiment
presence of the coupled proton spin system in the A ring and revealed the presence
of other coupled resonances (Table 1). A COSY experiment with emphasis on long
range coupling (J=3 Hz) established the relationship of several noncontiguous spin

)7) established the relationships

8) verified the

systems (Table 1). A C-H correlation experiment with emphasis on three bond C-H
coupling (J=10 Hz), established that the carbonyl carbon (§214.1, now assigned as
C-3) was related to one of the protons of the C-19 AB pattern at §3.16, and to the
C-18 methyl protons at §1.11, and that the methyl protons assigned to C-20 (§0.86)
were related to the carbon bearing the methylene protons at §0.90 and 2.36 (now
assigned to C-1). A homonuclear 2-D nOe experimentg) showed dipolar
interactions between the hydroxy methine on C-2 and the methyl protons on C-20,
and the methyl protons on C-17 and C-20, which, from inspection of molecular
models, suggested 1,3-diaxial relationships between these substituents, and,
therefore, that ring A is present in the chair conformation and the
stereochemistry of the hydroxy methine proton is g. Ring A in 1 and 2 is in the
boat conformation.2) B B

The ring A oxidation pattern and absolute configuration of 3 was confirmed by
comparison of 1H NMR spectra and optical rotations of the reduction products of 1
- §;1O) Reduction of 1 - 3 with sodium borohydride in MeOH at room temperature
yielded the four possible isomeric triols. The major epimer from reduction of 3
yielded an optical rotation and 1H NMR and (low resolution) EI mass spectral
patterns identical to those of the minor epimer derived from reduction of 2, which
is depicted as 5. Similarly, the minor epimer from reduction of 3 was found to
correspond to the minor epimer from 1 and is assigned as 6. As expected, the
reduction occurred predominately from the less hindered o face. In conclusion,
the absolute configuration of isospongiadiol (3) is the same as that for 1 and 2
with the exception of carbons 2 and 3.

From in vitro assays against P388 cells, spongiadiol (1), epispongiadiol (2),
and isospongiadiol (3) yielded IC50 values of 0.5, 8, and 5 ug/ml, respectively.
(The IC50 value for the standard, vinblastine, is 0.01 pg/ml.) Against HSV-1, the
1050 values for 1, 2, and 3 were 0.25, 12.5, and 2 ug/ml, respectively. (IC50
values for the standards ara-A and acyclovir are 50 and 0.5 ug/ml, respectively.)

We wish to thank Dr. P. Murphy for helpful discussions, Drs. S. Pomponi, K.
Rinehart, Jr., and E. Armstrong for collecting the sponge, and Dr. S. Tsuji for

obtaining optical rotations for the triols.
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Table 1. NMR Data of Isospongiadiol (3) in C6D6 - CDCl3 (2:1)
Long-range C-H Long-range H-H
C No.- &C 6Ha>at C (m, J(Hz)) correlations correlations nOe
1-49.8(t) a-0.90(dd,J=12.6,12.6) H20 - -
b-2.36(dd,J=12.6,6.5) H20 - -
2-70.0(d) 4.40(dd,J=12.6,6.5) - H19b H20
3-214.1(s) - H18,19b - -
4-54.6(s) - H18 - -
5-58.4(d) 0.95(m) H7a,18,20 - -
6-20.0(t) 1.28(m,2H) HTDb - -
T-41.1(¢t) a=-1.77(br.d.,J=12.0) H17 H5 -
b-1.19(m) - - -
8-34.3(s) - H17 - -
9-55.5(d) 0.80(br.d.,Jd=11.4) H7a,17,20 H11a -
10-37.9(s) - Hé6,20 - -
11-18.9(t) a-1.45(m) H9 - -
b-1.37(m) - - -
12-20.6(t) a-2.50(dd,J=16.1,6.1) - H16 -
b-2.19(m) - H16 -
13-119.5(s) - - - -
14-136.9(s) - - - -
15-135.2(d) 6.89(br.s) - - -
16-137.2(d) 6.87(br.s) - H12a,12b -
17-26.4(q) 0.99(s) (3H) H9 - -
18-19.4(q) 1.11(s) (3H) H19a H19a H19b
19-65.5(t) a-3.70(d,Jd=11.0) - H18 H20
b-3.16(d,Jd=11.0) - H2 H18
20-17.5(q) 0.86(s) (3H) - H5 H2, 17, 19a
a) a and b are for H-H, C-H, and nOe correlations only, not stereochemistry.
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